Introduction
Along with the development of the matrix model of M-theory, [1] a lot of field theories on noncommutative space-time variables have been proposed. [2] In the most of them, the noncommutativity of space-time variablesx i are simply assumed in the form At this point, we wonder why the propagator by itself does not reflect the noncommutative structure of space-time expressed by (1.1). One easily finds out that the situation simply comes from an assumption that the kinetic term of noncommutative field Φ is given by ∼ ∂Φ ∂xµ * ∂Φ ∂xµ under Moyal star product mentioned above. This problem will be our important concern in what follows.
In the present paper, we wish to extend our previous attempts, [3] [4] [5] to construct a noncommutative field theory of the matrix model, which is developed on a covariant quantized space-time algebra early proposed by C.N. Yang [6] immediately after H.S. Snyder, [7] in place of (1. Second, as will be shown in the present paper, one finds that YSTA is well fitted for covariant description of the matrix model. In fact, the so-called kinetic term The present paper is organized as follows. In section 2, we shortly recapitulate the algebraic structure of Yang's quantized space-time algebra (YSTA) contracted from SO(D + 1, 1) and examine characteristics of the so-called quasi-regular representation, [8] a kind of unitary infinite dimensional representation of SO(D+1,1).
We investigate translation operation in YSTA in connection with momentum operatorsP µ and clarify how commutative space-time, Heisenberg's uncertainty relation, translations and so forth in the ordinary quantum mechanics are restored in YSTA. It will be found that they are all together restored in appropriate limiting values of contraction-parameters λ and R in a large limit of discrete eigenvalues of reciprocity operator of YSTA, which will be called in what follows, the "quantummechanical limit of YSTA".
In section 3, we try to rewrite the matrix model covariantly in terms of non- 
YSTA and its Quasi-Regular Representation
Yang's quantized space-time algebra (YSTA) [6] was proposed to modify the original Snyder's quantized space-time algebra [7] to be translation-invariant, in addition to Lorentz-invariance which holds in both theories.
D-dimensional YSTA is contracted from SO(D + 1, 1) algebra with generatorŝ
Here, q 0 = −iq D and M = a, b denote two extra dimensions with space-like metric signature.
D-dimensional space-time and momentum operators,X µ andP µ , with µ = 1, 2, ..., D, are defined byX
together with D-dimensional angular momentum operatorM µν
and the so-called reciprocity operator
In the above expressions, the so-called contraction-parameters λ in (2.3) and R in (2.4) are to be fundamental constants of YSTA, as will be seen below.
Operators (X µ ,P µ ,M µν ,N) defined above constitute Yang's quantized spacetime algebra, YSTA: 
They are rewritten asX
(2.14)
and q 0 /q a = tanh α 0 , respectively. As was remarked above,X i andX 0 in (2.14), respectively, have discrete and continuous eigenvalues, λm i with ± integer m i and real number t. The corresponding eigenfunctions are give by
where normalization constants are omitted.
Needless to say, the eigenstate Σ 0a = t/λ given by (2.16) is concerned with a boost operatorΣ 0a of S(D + 1, 1), and its continuous eigenvalue t (/λ) is to be identified with eigenvalue t of time operatorX 0a , (2.13). This fact implies that tion" [8] of SO(D+1,1), which is reducible to the familiar regular representations of SO(D + 1, 1) algebra realized on its compact subalgebra. We expect the following expansion formula to hold One finds that this operator induces infinitesimal transformation onX μ
This result is well understood, if one notices that the momentum operatorP µ is nothing but generator of infinitesimal rotation on b − µ plane,Σ µb given in (2.4).
However, let us here notice that the reciprocity operatorN (= λR −1Σ ab ) defined in (2.6) is an operator with discrete eigenvalues n (λR −1 ), n being ± integer and the displacement α µN in (2.19) is noncommutative withX µ . Therefore, it is important to see in what limit ordinary translations familiar in quantum mechanics may be exactly restored. Indeed, one finds them in a following limit of contraction-parameters, λ and R, In fact, the condition (2.22) under the limit (2.21) necessitates a large limit of discrete eigenvalues ofΣ ab in order forN to survive with nonvanishing value 1. Furthermore, one finds that the above limit completely restores the ordinary commutative space-time in addition to Heisenberg's uncertainty relation, as seen in (2.7) to (2.11). This fact reminds us Bohr's correspondence principle at the birth of quantum mechanics, that is, quantum mechanics tends to classical mechanics in a large limit of quantum numbers.
Noncommutative Field Theory on YSTA, Covariant Moyal Star Product and Matrix Model
Now we are in a position to rewrite the matrix model [1] in terms of noncommutative quantum field theory on YSTA. The so-called kinetic term and potential term of D 0 branes or D-particles are described in the following form
where X i and P i are, respectively, N × N matrices of position and momentum of N D-particles, and coefficient constants α and β are given in terms of fundamental constants of string theory.
At this point, we wish to rewrite the above Lagrangian covariantly by taking into consideration the following relation Indeed, in place of L in (3.1), we propose an actionL of noncommutative field theory on YSTA bȳ It is well known that if a system is described by 2n canonical variables, q A and p A (A = 1, 2, ..., n), or the corresponding quantized variables,q A andp A , operator product of any two functionsF (q,p) andĜ(q,p) is accompanied with Moyal star product of the corresponding classical functions, F (q, p) and G(q, p), that is, In our present case, it is important to note that basic quantities of YSTA,Σ M N in (2.1), are expressed byΣ M N = (−q MpN +q NpM ), (3.6) so the relation (3.4) turns to give the following covariant Moyal star product for any two functions,F andĜ onΣ(q,p),
where
Furthermore, by remarking that [F ,Ĝ] in (3.3) is replaced by Moyal bracket,
It should be noted that at the last step we assumed, self-consistently with D 0 brane field equation to be derived below, that D 0 brane field operator depends only on Σ aK , that is,X µ andN, a minimum set which includes space-time variables and allows translation operations given by (2.19) and (2.20).
Applying variational principle on the classical action corresponding toL, we obtain the field equation of Furthermore, one should notice that the field equation (3.9)' satisfies invariance under infinitesimal translations, There exists a special solution 
where one finds that light-cone singularity of conventional ∆(x; κ 2 ) function is shifted to time-like region by a certain universal length a corresponding to λ in the present approach.
Concluding Remarks
In this work we have studied a possible connection between noncommutative field theory on Yang's quantized space-time algebra (YSTA) and Matrix Model. By preliminary considerations, we have found a series of Lorentz-covariant solutions with a continuous parameter α, (3.10), and a special invariant function (3.11), which resembles a modified ∆ function,D, early proposed by Markov [9] towards divergence-free quantum field theory. The latter function which is free from light-cone singularity is given in terms of superposition of a series of ∆(x, κ 2 ) functions of fields with continuous mass κ and indefinite metric, as seen in (3.12).
According to the matrix model, Lagrangian of D 0 branes (3.1) and hence our field equation (3.9) must already include interactions among D 0 branes except those through super-partners which were entirely neglected in the present paper. * )
Extensive studies on our field equation (3.9) and its supersymmetric extension have a vital importance, but must be left in future. * ) Supersymmetric YSTA can be easily realized by upgrading (D + 2)-dimensional parameter space (q M ) satisfying (2.1) to the so-called superspace (q, θ).
